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12 84 24 12 132 

I t a l y  176 176 

Russia 30 30 120 180 

America 135 66 264 264 461 

There a r e  two methods f o r  a government t o  develop good se 

planes:  In  the first ins tance ,  by placing a~ order o r  caJ.1 





ed f o r  t h e  same take-off speed, The same r e  . 
by changing t h e  take-off speed os  both t h e  load 

off speed simultaneously,  which i s  ususa l ly  t h e  case. The 

n i tude  of t h e  v a r i a t i o n  is  shown i n  Figs.  3-5. The 

r e f e r  t o  a pair of twin f l o a t s ,  Conditions a re  

ing  bo at s . 
The procedures ou t l ined  above are  not  s u f f i c i e n t  f o r  corn 

pa r ing  two pairs of f l o a t s  o r  two f l y i n g  boats.  In  t h i s  con- 

s a r e  p l o t t e d  as 



the  

t h e  

The 

- 

t o t a l  f l o a t  capacity.  A s  far its seaworthiness i s  con 

capaci ty  i s  usua l ly  1.8-2.2 t imes the  displacement at 

water r e s i s t ance  of t tvin-floats of 2 t ons  t o t  

shown i n  Fig. 1. The shape of the  f l o a t  is  shorn i n  Fi 

YJithout changing i t s  submerged po r t ion ,  a f l y i n g  boat may 

be provided with a cabin h u l l  o r  w i t h  a rnil i t 'vy h u l l ,  The t o -  



measurement accuracy. 

Water r e s i s t ance  depends 
l a r g e l y  on flow under 
h u l l ,  which changes 
slowly with increasing 
speed. 

There i s  no a c c e l e r a t i o  
( 2 )  

When the re  i s  a c c e l e r a t i o  
t h e  hull  always t r a v e l s  
with a flow diag 
sponding t o  a l o  
Var ia t ion  of w a t  
tance i s  wi th in  range of  
me atjur eraent accuracy 

( 3 )  
P a r t  of water r e s i s t ance  i s  Owing t o  f r i c t i o n ,  water re- 

due t o  f r i c t i o n  subject t o  s i s t a n c e  measurements of 
t h e  Reynolds l a w .  model are too  high and 

must be corrected,  

. A t  low speeds t h e  model i s  
(4) 

Controls a r e  i n e f f e c t i v e  at 





D i sp l  ac ement 

Mass 

Speed 

Acceleration 

L Z m x 
T t S 7 

K k kg K 

Vol vol m3 L3 

M 

h 
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V v 

h B b 

A a m h K  

L 

K = k K  

Vol=vol h3 

~ = m  K 7 2  
h 

h v=v - 
T 

h B = b  - 
72 

A=ah K 



t o t a l  weight. Consequently, t h e  water r e s i s t ance  of modern boats 

i s  approximately t e n  times t h e  air res i s tancc .  The seaplane 

t a k e s  o f f  when t h e  p rope l l e r  thrust exceeds the  combined water 

and air res i s tance .  

A r e s u l t  of t he  e leva ted  p o s i t i o n  of t h e  p rope l l e r ,  with 

reference t o  the  center  o f  g r a v i t y  and e spec ia l ly  t o  t he  water- 

l i n e ,  i s  nose-heaviness, which depresses t h e  bow. Certain bow 

shapes produce suc t ion  e f f e c t s ,  &de t o  t h e  increased r e l a t i v e  

v e l o c i t y  of t h e  water flow. The r e s u l t  i s  tha t  many seaplanes 

nose dovn while t ak ing  o f f ,  before  the  c r i t i c a l  speed i s  reached. 

This e f f e c t  is  counterbalanced by holding t h e  e leva tor  cont ro l  





Normally a seaplane takes  off  an 

and waves, Very seldom, and only when t h e r e  are  w 

thus avoiding t h e i r  blows. When the  seaplane a l i g h t s ,  the  con- 

d i t i o n s  are reversed. 

t h e  water u n t i i  i t s  speed decreases  t o  t h e  c r i t i c a l  speed. Then 

the  h u l l  submerges and the  seaplane soon comes t o  r e s t .  

mass mul t ip l ied  by the  r e t a r d a t i o n  i s  always equa3 t o  t h e  com- 

bined water and air res i s tance .  

The seaplane g l i d e s  on the,  surf  ace.  of 

The 

In  Fig. 9 ,  t h e  water r e s i s t ance  i s  seen increas ing  t o  a 

m a x i m u m  value and then decreasing again. Above is p l o t t e d  the 

p rope l l e r  t h r u s t ,  from which t h e  air r e s i s t ance  has  already 

been deduced. The take-off time w i l l  now be determined. Graph- 

i c a l  means a re  used, s ince t h e  water r e s i s t a n c e  can hard ly  be 

ca l cu la t ed  by analyticaJ. methods, An i sosce l e s  t r i a n g l e  i s  

the  speed of 9.81 m / s  (32.2 f t , / s e c . )  being i t s  base and 



sub jec t  thus be obtained. 

Summary o f  Information Obtained 





ed and no suc t ion  exerted on t h e  r e a r  p o r t i o n  of t h e  hull. If 

no step i s  provided, a s t rong  suc t ion  e f f e c t  i s  c rea t ed  at t h e  

s t e r n  and the re  i s  no, or  a very small, decresse o f  r e s i s t ance  

aboze t h e  c r i t i c a l  speed, Consequently, t h e  water r e s i s t a n c e  

can be overcome by hul ls  without steps only when they are very 

l i g h t l y  loaded. 

water aornents a c t i n g  on a stepless h u l l  w i t h  ordinary horizon- 

It i s  far more d i f f i c u l t  t o  overcorne t h e  high- 



h i s  r e s i s t a n c e  a c t s  at a c e r t a i n  d i s t ance  from t he  f i n e  o 

ust of th.e p rope l l e r  and develops a nose-heavy moment 

s tance  and take-off time being increased correspond 

I n  Fig. 16 t h e  s t e p  is  loca ted  far behind the  c.g,, and 

the  seaplane nose-heavy: one by w a t  
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be de f l ec t ed  enough f u r t h e r  t o  i n  

A hull  with a too  e f f i c i e n t  bottom i 

the  water before t h e  take-off speed i s  r e  

l i f t  i s  not reached at t h a t  moment, t h e  seaplane f 

back on the  water. The seaplane may also 

just when, owing t o  the  p o s i t i o n  of the  s t e p ,  t h e  elevator  i s  

already f u l l y  de f l ec t ed  and a ser ious  accident ,  such as side- 

s l i pp ing ,  may then  result. By such l e a p s  considerable s t r e s s e s  

a re  exer ted  on t h e  hul l .  The speed at which they begin can be 

determined by tank t e s t s .  F o r  well-designed seaplanes,  they do 

not occur before  90$ of the take-off speed i s  reached. English 

f l y i n g  boats  jumped even at 508 of t h e  take-off speed. The 

English Felixstowe trFurytt (Fig.  25) w i t h  f i v e  250 HP. Rolls- 

Royce engines,  w a s  completely destroyed by such leaps.  I n  t h i s  

case,  tank t e s t s  should have been made before  the  cons t ruc t ion  

of t h e  seaplane and not af ter  t h e  crash.  This tendency can of-  

t e n  be avoided by a s l i g h t  displacement of t he  c.g. o r  by an 

additional.  moment sometimes forward and sometimes backwad. If 

no improvement is  thus  obtainea,  the e f f i c i e n c y  of  t h e  bottom 

must be reduced by lowering t h e  s tep  o r  s h i f t i n g  it  forward, o r  

by i t s  

of t h e  c.g. means a reduct ion of the  e f f i c i e n t  p a r t  of the bot- 





waves axe more e a s i l y  overcome by p u l l i n g  the  e l eva to r  cont ro l  

back i n  advance. To produce t h e  des i r ed  e f f e c t ,  t he  second s t  

mus% be some d i s t ance  behind the  first step.  If it  i s  too ne 

t h e  f irst  s t ep ,  no s a t i s f a c t o r y  s t a b i l i z i n g  e f f e c t  i s  produce 

a r e  subjec t  t o  var ious  valuat ions,  Therefore,  t h e r e  are  s t i l l  

many cont rad ic tory  opinions regarding t h e  r e a r  s tep ,  

Conditions a r e  d i f f e r e n t  with re ference  t o  a t h i r d  s t e  

insure  a smooth separa  



exceeding 10 metr ic  tons i n  weight, s ince  t h e i r  take-off speed 

i s  small i n  comparison wi th  t h e i r  s ize .  In  t h i s  case,  t he  re- 

se rve  power i s  l a r g e  enough t o  overcome high water res i s tance .  

Consequently, f o r  such boats ,  preference i s  given t o  a sharp V- 

bottom i n  order  t o  reduce t h e  impact on t h e  water. The contrary 

method i s  appl ied  t o  l i g h t  f l y i n g  boa ts ,  i n  order t o  insure  op- 

e r a t i o n  with a s r m l l  excess of power. I n  t h i s  case,  a s t ronger  

impact on the  water is  taken i n t o  t h e  bargain. 

Every V-bottom produces spray. The sharper t h e  V ,  t he  

more t h e  spray, A sheet of water r i ses  on each s ide  and wets 
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t h e  wings, t h e  hul l  and t h e  propel le r .  The spray is  reduced by 

bending t h e  upper p a r t  down, as is  done on t h e  Linton-Hope hul l s  

(Figs.  34, 36, 40, 42, 50 and 65), by f i t t i n g  a s t r ip  beneath 

t h e  outer  edge of  t h e  chine,  thus reducing t h e  depth of immer- 

s ion ,  and by increas ing  the  angle of a t t a c k  of t h e  hu l l  and by 

g iv ing  a s u i t a b l e  shape t o  the  bow. The cross  sec t ion  should be 

hollow and V-shaped wi th  a f l a t ,  wide ground p lan  and approxi- 

mately hor izonta l  la teral  and %ottom surfaces t o  r i d e  the  water. 

The chines,  o r  t h e  more o r  less hor izonta l  bottom sur faces ,  must 

be gradual ly  r a i s e d  toward  t h e  f ront .  L i t t l e  o r  no reduct ion 

of spray i s  produced by longi tudina l  beams beneath t h e  bottom. 

The bes t  shape of hulls, and f l o a t s  can be developed by tank 

t e s t s  o r  by bui ld ing  a s u f f i c i e n t  number of models. The same 

resul ts  a r e  obtained by both methods. The second method i s  more 

expensive and considerably slower.  Regardless of t h e  danger in- 

volved, t h i s  method was worked out during t h e  war at Felixstowe, 

E n g l a d ,  by Colonel J. C. Po r t e ,  o f f i c e r  of t h e  Bg i t i sh  naval 

air  se rv ice ,  who had no engineering t r a in ing .  The r e s u l t i n g  

s a c r i f i c e s  of human l i f e  could have been avoided by tank tests. 

These experiments were subsequently descr ibed by Rennie i n  an 

apologet ic  note.* 
*Rennie, J. D. - Some Notes on the Design, Construction and Op- 

e r a t i o n  of Flying Boats. '!The Journal of the 
Royal. Aeronautical  Soc ie ty , "  1923, p. 123. 



load. Thus the 

of developing hydroplaning e99 iciency; such quest ions 

landing,  seaworthiness,  s t a b i l i t y ,  e tc . ,  were more o r  1 

l e c t e d  u n t i l  more powerful engines became avai lable .  The f i rs  

hull. t e s t e d  was a modified Curtiss lf&ericatl f l y i n g  boat ( F i g  

17): weight, l i g h t ,  3100 lb.; f u l l y  loaded, 4500 l b , ;  horse 

power, 160; l eng th  of hull, 30 f t . ;  single step, p ro jec t ing  

f i n  %osw,rd, ending at s tbp ,  which was undes thhe cog ,  Fore and 

aft angle between the  underside of t he  t a i l  and planing surfac 

of t h e  ship was 10 degrees, 

ould be held up during the accele 









t s  obtained with the  ffAmeSica!f hu l l s ,  P a r t i c u l a r s :  



su l t .  Fig. 25 shows p r o f i l e ,  plan, and body sec t ions  i n  detail .  

It was o r i g i n a l l y  designed f o r  24,000 lb.  t o t a l  weight, and t o  

be f i t t e d  with t h r e e  600 HP. Rolls-Royce Condor engines. A s  

t hese  engines did not become ava i lab le ,  f i v e  Eagle VIII1s had 

t o  be used, which l e d  t o  a decided drop i n  air performance. 

From every poin t  of view, t h e  boat was the  best design 

turned  out at Felixstowe. It was found t h a t  the  normal load 

ious F-boats. Loading tes t s  were continued up t o  



i-ments is  t h a t  the l i n e s  md dimensions ( F i g .  

c e s s f u l  f l y i n g  boat hu l l  f o r  a given displacement 

evolved, It now remains t o  show how t h e  var ious feat  

des ign  cont r ibu te  toward t h e  f u l f i l l r r e n t  of the  r e  

l a i d  down above, and t o  i nd ica t e  where, i f  at all, t h e  

f rom what might be deduced f r o m  tank tests.  

The experience gained required seve rz l  months' TFrork, 

as t h e  sane r e s u l t s  would have been obtained i n  a f e v  weeks by 





with it ,  

Tlie l i n e s  of t h e  N . 4  T i t a n i a  and t h e  N . 4  Atalanta f lying-  

boat hu l l s  are shown i n  Figs .  29-31.* Tank t e s t s  were made on- 

l y  a f t e r  the  Titania was a l ready  under construction. It was 

f i rs t  intended t o  omit the c e n t r a l  po r t ion  of t he  s t e p  and 

only t h e  l a t e r a l  portions.  Owing t o  excessive water res is%ance,  

t h e  s t e p  W a s  subsequently extended over t h e  whole width and even 

e l a t e r a l  p o r t i o n s  were enlarged ( F i g .  32).  When t h e  s t e p  i s  

small, t h e  r e s i s t ance  i s  t y p i c a l l y  sirnilas t o  t h e  case 

e i s  no s t e p  at  a;ll. It does not decrease s u f f i c i e n t  





v/v s t a r t  
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0 LO 20 30 $ Overload 
Fig.13 Ii>flucilce of ov,grload on  take-off t i n e  at 

d i f f e r e n t  tcke-off Epceds. 









g.25 Lines of the Fe l ixs tone  nFuryn. Better 1: 
have been obtained w i t h  3, a'nzrper V - b O t t O i 2  born. 

Inclined t o  leap before  reaching taka-off speed, oving t o  very 
l a r g e  and e f f i c i e n t  bot ton.  Trimed aft leaped :.iith 
insuff ic iext  lift, being subsequently crushed. 






